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GOMFLEIB SPBaFSCATIOR 
Gas Gmeration. 



We. Mine Safety Appliances Company, 
a corporation organized under the laws of 
the State of Pennsylvania. United States of 
America p of 201 Nordi Braddock Avenue, 
5 Pittsburgh, Pennsylvania 15208, United 
States of America^ do hereby declare the 
invention, for whidh we pray that a. patent 
may be granted to us» and the method by 
which it i^ to be x>^onned« to be par- 
10 ticularly described in and by the foUowmg 
statement : — 

This invention relates to solid composi- 
tions that evolve hydrogen on heating. 

There is a need, particularly in the field, 
15 for a safe and convenient source of hydro- 
gen for many purposes, for example, for 
baOoon filling and welding. Hydrogen is 
generally carried in cylinders^ whicSi are 
cumbersome and a potential safety hazard* 
20 or may be generated by solid-liquid reactions 
utilizing complex and iDConvenieat generat- 
ing apparatus. 

It IS an object of this invention to pro- 
vide improved hydrogen sources which 
25 evolve the gas on heating. The sources of 
the invention are easily portable, safe and 
efficient. 

The invention provides stable solid hydro- 
gen-generating composition comprising an 

30 intimate mixture of. as a first compound, a 
finely divided metal hydride or borohydride 
or mbcture thereof, and a finely divided sec- 
ond compound which yields free water on 
heating at a temperature below the decompo- 

35 sition temperature of the first compound, the 
composition reacting to generate hydrogen 
on heating. 

The compensation may be a loose mbcture, 
suitably contained in canisters or bags, but 

40 preferably it is compressed under sufficient 
pressure to form a coherent solid body such 
as a pellet. 



Catalysts are known to promote reaction 
in some ^ ^sterns, for example, the catalysis 
by transition metal chlorides of the reaction 45 
of sodium borohydride or potassium boro- 
hydride with water and may be included in 
the mixtures^ 

The compounds used in the invention^ 
which yield free water on heating at a tern- SO 
p^ature below and decomposition tempera- 
ture of the first compound, will be stable at 
an easily obtainabk storage temperature. 
The water in the compound is less firmly 
bound at elevated temperatures as is shown 55 
by an increase in vapour pressure with in- 
creasing temperature. Generally^ a hi^er 
vapour pressure indicates a greater avail- 
ability of the combined water for reaction. 
Thus, compositions containing a water- 60 
reactive compound and a potentially reactive 
compound that yields free water on heating 
may be stable at normal temperatures and 
reaction can be initiated simply by heating 
to make the combined water available for 65 
reaction. The temperature at which re- 
action IS initiated may be adjusted by the 
selection of the water-oontaining compoimd 
those with a higher vapour pressure giving a 
lower reaction temperature. 70 

Suitable water-containiiig compounds in- 
clude compounds containing coordinated 
wat^, compounds containing uncoordinated 
water of crystallisation, olated compounds, 
and other compounds in which the water is 75 
chemically combined. 

Compounds containing coordinated water 
are those in whidi water molecules are 
attached to the metal atom of a salt in an 
orderly arrangement Representative eat- 80 
amples of such compounds include certain 
metal dilorides such as Cr(H»0)fia^ and 
SnCHaOsCI., and amphoteric hydroxides 
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such as NaaB^Or . lOH^O, Na^CuOg ,2HaO. 
and NaaZnOa , 4H2O. 

Uncoordinated water of <aystallisation is 
associated with a salt or hydroxide molecule 
5 and is not as firmly bound as coordinated 
water. Representative exajaples of com- 
pounds containing uncoordinated water in- 
clude UOH.H^O, Mga,.6HaO. and 
Ce,(SOA . SH^O. 

10 It should be recognised that many com- 
pounds may contain both coordinated and 
uncoordinated water, for ex:ample, alums 
which contain 6 molecules of coordinated 
water and 6 molecules of uncoordinated 

15 water. Such compounds are suitable for use 
and. if desired ,the uncoordinated water may 
be removed by dessication or heating before 
uss in tiie compositions of this invention. 
Representative ocamples of compounds con- 

20 taining both coordinated and uncoordinated 
water include KAICSO,)^ . im^O, ZrOQ, . 
8H™0 and SrCOH)^ . SH^O, ^ 

Olated compounds are compounds m 
whidi metal atoms are joined by bridging 

25 OH groups and thus are som^imes referred 
to as hydroxides. Upon heating, however, 
olated compounds give up water and revert 
to oxy-metal compounds. Representative 
examples of olated compounds are the basic 

30 metal chlorides aiKi sulphates such as 
Cr^(OH),a, and [MCOBO^LSO,. 

Other compounds that release or partially 
release free water on heating can also be 
used in this invention, for example* boric 

35 acid, and group IB, IIA and IIB metal hy- 
droxides, for example calcium hydroxide 
(using the Periodic Classification of Mende- 

The invention provides a composition for 
40 the generation of hydrogen in which the 
first compound is sodium or potassium boro- 
hydride or a mixture thereof, and the second 
compound has a vapour pressure of less 
than 8 mm. of Hg at 2O5C, preferably of 
45 less than 4 mm. Hg at 20°C It is pr^erred 
to use a stoichiometric amount of boro- 
hydride and water-containing compound 
(based on available water content) as such 
proportions give the highest yield of hydro- 
50 gen per pound of gas-§piierating solid, and 
there is no advantage in using proportions 
other than stoicfaiomeCrte. 

Example 1 

9.5 g. of NaBH,. 20.9 g, of UOH .H^O. 

55 and 0,5 g. of anhydrous CoCla w^e intt- 
mateiy mixed and compressed into a co- 
h^ent pellet at 4000 psig. These pellets are 
stable at ordinary temperatures when pro- 
tected from atmospheric moisture. When the 

60 pellets arc heated to about 130°F. in a test 
tube having a gas outlet, hydrogen evolution 
commences and, once initiated, the reaction 
is sdf-sustaining without additional applica- 
tion of heat- A 98% yield of H3 of about 



99% purity was evolved ovct a period of 65 
two minutes* Eleven cubic feet of hydrogen 
(STP) are fnroduced for each pound of this 
gas generatmg compositian* 

ExaiJiple II 

9.5 g. of powdered NaBH*, 225 g. of 70 
powdered Cr{liJJ)cCl, and 0.5 g. of ^- 
hydrous CoClj were compacted as in the 
previous example. The pellets, stable at 
ambient temperature, evolved substantially 
pure hydrogen in 85% yield from the self- 75 
sustaining reaction initiated by heating to 
about 150*R 

Example III 

Pellets stable at ambient temperature con- 
taining 9.5 g, NaBH,, 30 g, ZrOCla . 4H,0 80 
(all water molecules bdng coordinated) and 
05 g. CoCl. gave a 98% yield of 99,9% 

fure hydrogen when reaction was initiated 
y heating to 150'*F. , , , 
The m^or impurity in the hydrogen pro- 85 
duced is water and the amount of water de- 
ceases yntb. increasing density of the com- 
pactt 

Any of the well-known solid catalysts foi* 
accelerating the reactions of faotohydrides 90 
and water can be used^ provided they do not 
contain any adsorbed water or water of 
crystallisation, Sudi catalysts indude any 
acidic material, those materials of hi^ 
acidity and water solubility being most effec- 95 
tive. Transition metal dilorides, which 
appear to react with the borohydride to pro- 
duce a highly active catalyst, are preferred 
catalysts. Representative examples of suit- 
able catalysts mclude phthalic acid, sali- 100 
cylic acid, benzoic acid, sulphamic acid, 
oxalic acid, succinic acid, citric acid, tartaric 
acid, ammonium chloride, aluminium chlor- 
ide, iron (ID chloride, cobalt (II) chloride, 
nickel (II) chloride, boric acid, acid sul- 105 
phates and diacid phosphates. ; 

When the water-reactive compound is 
highly reactive, for example, lithium boro- 
hydride (LiBHJ, and caldum hydride 
(CaH^, only those water-containing 110 
materials containing no wat^ of crystallisa- 
tion and havii^ a vapour pressure of less 
than 0*1 mm. of mercury at 20*C» can be 
used for example Ci-CHaOoCla, boric acid, 
and group DA, IB and HB hydroxides. 115 

The following ^cample generates one mole 
of hj^rogen* 

Example IV 

21.05 g. CaH, and 41.22 g. HsBO, are 
used to produce hydrogen. The reaction is 120 
initiated by heating 10 130*'F and is self- 
sustaining if heated to 150~160''K 

WHAT WE CLAIM IS: — 
1. A stable solid hydrogen-g^erating 
composition comprising an intimate mixture 125 
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of, as a first compound, a finely divided 
metal hydride or borohjdride or mixture 
thereof, and a finely divided second com- 
pound which yields free water on heating at 
5 a temperature below the decomposition teni- 
perature of the first compound* the composi- 
tion reacting to generate hydrogen on heat- 
ing. 

2, A composition as claimed in claim 1 
10 comprising, as a first compound, calcium 

hydride* 

3. A composition as claimed in claim 1 
comprising, as a first compound, lithium 
borohydridc. 

15 4. A composition as claimed in claim 1 
comprisingj as a first compound, sodium or 
potassium borohydride or mixture thereof, 
5* A composition as claimed jn cl£um 1 
or 2 or 3 in which the second compound 

20 contains no water of crystallisation and has 
a vapour pressure below 0,1 mm. of mexcury 
at 20'*a 

6, A composition as claimed in claim 4, 
in which the second compound has a vapour 

25 pressure below 8 mm. mercury at 20^0. 

7. A composition as daimed in claim 6 
wherein the vapour p*essure of the second 
compound is below 4 mm. mercury at 
20^ Q 

30 8. A composition as claimed in any of 
claims 4 to 7 which also contains a minor 
amount of an anhydrous catalyst for ac- 
celerating the reacdcm of the borQhydrjde(s) 
and water. 

35 9. A composition as claimed in claim 8, 
in whidi the catalj^t is acidic. 

10* A composition as claimed In claim 
8^ in which the catalyst is cobalt (IT) chloride. 

11. A composition as claimed in any 
40 preceding claim in which the second com- 
pound contains coordinated water. 

12. A composition as claimed in any of 



daims 4 or 6 to 10 in which the second 
compound contains uncoordinated water of 
crystallisation, 45 

13. A composition as claimed in any of 
daims 1 to 10 in which the second com- 
pound is an olated compound as herein de- 
fined- 

14. A composition as claimed in claim 50 

11 in whidi the second compound is 
Cr(HiO),Cl, or 2K>C1^ . 4H^O. 

15. A coanposition as daimed in any of 
claims 1 to 10 in whidi the second com- 
pound IS boric acid. 55 

16. A composition as claimed in daim 

12 in whidi the second compound is 
LiOH.HaO. 

17. A composition as claimed in any of 
daims 1 to 10 in which the second com- 60 
pound is a hydroxide of a metal from group 
IB. IIA or XIB of the Periodic Table of 
Mendeleef. 

18- A composition as daimed in any 
preceding claim in the form of a coherent 65 
compact. 

19. A composition as daimed in any pre- 
ceding daim in whidi the composition re- 
acts autogeneously. 

20. A hydrogen-generating composition 70 
as daimed in dahn 1 substantially as here- 
in described. 

21. A hydrogen-generating composition 
substantially as SesctS^ed in any of Examples 

I to IV. 75 
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STANLEY. POPPLEWELL, FRANCIS 
& ROSS, 
Chartered Patent Agents, 
Cursitor House, 
9—11 Cursitor Street, 
London, E,C4. 



Printed for H« M^eaty's Stadonery Office by Burgess & Son (Abingdon), Ltd. — ^1969. 
Foblisfaed at The Patent Office, 25 Southampton Baildinss, London, W.C2, 
from which copies may be obtained. 



